Objectives: This study evaluated the morbid results of prolonged intubation after coronary artery bypass grafting (CABG). Methods: Over 30 months, 66 of 1,112 patients undergoing CABG required prolonged intubation. They were matched with 66 patients who did not require prolonged intubation. Preoperative and operative variables were evaluated to determine which would predict prolonged intubation. The postoperative courses were then compared to evaluate the effect of prolonged intubation. The study population was divided into three groups: those who underwent early extubation, but required reintubation (n ‫؍‬ 24); those who required initial prolonged intubation, but no reintubation ( Key words: coronary artery bypass grafting; extubation; prolonged intubation; reintubation Abbreviations: BSA ϭ body surface area; CABG ϭ coronary artery bypass grafting; CPB ϭ cardiopulmonary bypass; EF ϭ ejection fraction; FB ϭ fluid balance; IMA ϭ internal mammary artery; PI ϭ prolonged intubation P ulmonary complications continue to be a major cause of morbidity after coronary artery surgery. 1-3 Prolonged intubation (PI) and reintubation after coronary artery bypass grafting (CABG) are unusual. When these are necessary, they are associated with significant morbidity and mortality. [1] [2] [3] [4] The purpose of this study was to evaluate the subgroup of patients requiring PI or reintubation after CABG to identify risk factors for these events, and to assess the impact of such an occurrence on those patients' early and midterm postoperative course.
P
ulmonary complications continue to be a major cause of morbidity after coronary artery surgery. [1] [2] [3] Prolonged intubation (PI) and reintubation after coronary artery bypass grafting (CABG) are unusual. When these are necessary, they are associated with significant morbidity and mortality. [1] [2] [3] [4] The purpose of this study was to evaluate the subgroup of patients requiring PI or reintubation after CABG to identify risk factors for these events, and to assess the impact of such an occurrence on those patients' early and midterm postoperative course.
Materials and Methods
From January 1, 1994, to December 31, 1996, 1,112 patients underwent primary CABG at Wolfson Medical Center. Of these patients, 66 patients (5.93%) required either PI or reintubation and constituted the study group. We have defined PI as being Ͼ 48 h, as this time span avoids including patients with slow extubation because of anesthesia and bleeding. 4 These patients were compared with control patients undergoing primary CABG who did not require PI or reintubation, and were matched for age Ϯ 3.5 years, sex, date of surgery within 1 week, and ejection fraction (EF) Ϯ 5%. Patients were compared for preoperative variables, including demographic data, cardiac risk, and evaluation of subsystems, to look for predictors for postoperative reintubation or PI. Operative variables were also evaluated, including the use of internal mammary artery (IMA), length of operation, number of grafts, cardiopulmonary bypass (CPB) time, cross-clamp time, intra-aortic balloon pump, and postoperative fluid balance (FB), including operative FB after 24 h. The study group was then compared with the control group in terms of ICU stay, hospital stay, acute postoperative complications, midterm survival, and quality of life.
The study group was then subdivided into three groups: patients who underwent early extubation but required reintubation (group 1, n ϭ 24), patients who underwent PI, but were not reintubated (group 2, n ϭ 22), and patients who had both PI and reintubation (group 3, n ϭ 20). These groups were compared with each other for acute and midterm postoperative morbidity and mortality.
The anesthesia for the patients included high-dose fentanyl, midazolam, and nondepolarizing muscle relaxants. Anesthesia was maintained with isoflurane, fentanyl, and muscle relaxants.
All CABGs were performed through a median sternotomy with single aortic and venous cannulation. Harvesting of the IMA included a musculofascial pedicle and widely opening the left pleura. Myocardial protection was accomplished with antegrade sanguinous cardioplegia during the initial phases of the study (n ϭ 4), and antegrade and retrograde sanguinous cardioplegia during the late phases (n ϭ 128). Topical iced slush saline solution was not used as an adjunct to cardioplegia in this series. In no cases were adjuncts used to protect the phrenic nerve. Distal anastomoses were performed during diastolic arrest. Proximal anastomoses were performed with a partial clamp on a beating heart. The left anterior descending artery was grafted with the left IMA whenever possible. All other coronary arteries were grafted with reverse saphenous veins. All patients were evaluated 12 h after surgery and at a minimum of 6-h intervals for the possibility of extubation.
Criteria for extubation included an alert, hemodynamically stable patient, without evidence of excessive bleeding. The patient needed to be able to tolerate breathing through a T tube for 20 min with a fraction of inspired oxygen Ͻ 0.40 and a respiratory rate Ͻ 25 breaths/min. Arterial blood gas requirements included Po 2 Ͼ 70 mm Hg, Pco 2 Ͻ 40 mm Hg, and pH Ͼ 7.35, with no evidence of metabolic acidosis. In addition, the patient was required to have a tidal volume of 6 mL/kg and a peak negative inspiratory pressure of Ͻ Ϫ20 cm H 2 O. The chest radiograph before extubation was examined to ensure that there was no pneumothorax, severe pleural effusion, or atelectasis.
All patients were followed up by clinical visits, during which each patient underwent a physical examination, the patient's chart was reviewed, and all readmissions to the hospital were recorded. The patient's chest radiograph file was reviewed for evidence of diaphragmatic paralysis, and if it was still present at the follow-up visit, it was confirmed by ultrasonography. Our radiographic criteria for a paralyzed diaphragm have been reported previously. 4, 5 Each patient was also evaluated for quality of life with a quantitative numerical value as defined in our previous studies. 4, 5 Patients who died during follow-up were classified as acute deaths (occurring within 30 days of surgery or before being discharged) or deaths during follow-up. For each patient, the time from surgery and the major cause of death were recorded.
Statistical Analysis
Study patients were compared with control patients using Student's t test. Analysis of variance followed by specific pairwise contrasts was used to compare among the three study groups. Categorical variables were tested using 2 or Fisher's Exact Test when data were sparse. Logistic regression was used to explore the preoperative risk factors for reintubation and PI and the relative importance of the operative factors after controlling for the preoperative variables.
Variables were submitted to a stepwise procedure in three blocks. Block 1 included all preoperative variables in Table 1 . Block 2 included the operative variables from Table 2 ; the variables from block 2 entered the model after significant variables from block 1 were retained in the model. Lastly, interactions between significant preoperative and operative variables were submitted to the model at block 3. After the model was developed, odds ratios were derived for dichotomous factors. Continuous variables were dichotomized according to data sufficiency and clinical importance of the cut point.
Results

Comparison of Study Groups to the Control Group
There were 132 patients in the study, of whom 66 were study patients and 66 were control patients. Preoperative variables are shown in Table 1 .
Univariate analysis revealed patients in the study group to have significantly more unstable angina, renal failure, and more COPD, both clinically and as defined by reduced FEV 1 divided by body surface area (BSA). The operative variables for the control and study groups are shown in Table 2 . Compared with the control group, the study group had a longer CPB time, longer cross-clamp time, and a greater FB after 24 h. Multivariate analysis performed on preoperative and operative variables of all patients in the study showed that the elevated creatinine (p ϭ 0.011), FEV 1 /BSA (p ϭ 0.022), and FB (p ϭ 0.001) are all risk factors for PI or reintubation. Choosing FEV 1 /BSA Ͻ 1.00, creatinine Ͼ 2.0 mg/dL, and FB Ͼ 3,000 mL, odds ratios were calculated for these variables using logistic regression. This showed creatinine Ͼ 2.0 mg/dL to have an odds ratio of 4 (p ϭ 0.040), FEV 1 / BSA Ͻ 1.00 to have an odds ratio of 6.3 (p ϭ 0.021), and FB Ͼ 3,000 mL to have an odds ratio of 2.4 (p ϭ 0.033).
Acute postoperative results are shown in Table 3 . Compared with the control group, the study group had longer ICU stays and hospitalization. There was more postoperative pneumonia and more significant arrhythmias in the study group. Compared with control patients, the study group displayed more septic complications, including mediastinitis.
Mean (Ϯ SD) follow-up duration for the study group was 27 Ϯ 9.3 months; for the control group, 25.2 Ϯ 8.4 months. There were 25 deaths (37.9%) in the study group vs 2 deaths (3%) in the control group (p ϭ 0.001). In the study group, nine deaths (13.6%) were acute postoperative deaths, and the causes included multiorgan failure (n ϭ 4), sepsis (n ϭ 2), ARDS (n ϭ 1), cardiac failure (n ϭ 1), and respiratory failure (n ϭ 1). There were 16 deaths (24.2%) after the acute period, and the causes included multiorgan failure (n ϭ 6), sepsis (n ϭ 4), renal failure (n ϭ 1), cardiac failure (n ϭ 3), and respiratory failure (n ϭ 2). There were two deaths in the control group. One patient suffered an intraoperative myocardial infarction and died of cardiac failure 48 h after surgery. The second patient had a preoperative EF of 25%. He was discharged on postoperative day 13, was readmitted for heart failure, and died of sudden ventricular fibrillation 4 months postoperatively.
During follow-up, there were similar numbers of readmissions to the hospital per month in both groups, and causes for readmissions were similar in both groups (Table 4) . However, quality of life among the surviving patients in the study group was reduced compared with the control group (Fig 1) .
Comparisons Within the Study Group
Preoperative variables for the three study subgroups are shown in Table 5 . There were more women in group 3. Intraoperative variables are shown in Table 6 . There were no significant differences when comparing all three groups. However, although it did not reach clinical significance, the patients in group 3 had more diabetes. They were heavier smokers, and they had worse kidney function. Furthermore, the patients in group 3 required more grafts, had longer cross-clamp and CPB times, and a greater positive FB 24 h after surgery. There were no significant differences between groups 1 and 2 with regard to preoperative or operative variables. Acute postoperative results are shown in Table 7 . Compared with groups 1 and 3, group 2 showed a shorter stay in the ICU and in the hospital. Also, group 2 showed fewer infectious complications compared with the other two groups, manifested by fewer positive culture results, less pneumonia, and less mediastinitis. When group 3 was omitted from the analysis, and group 1 was compared with group 2, similar results were obtained (Table 7) . Mean follow-up duration in group 1 was 24.1 Ϯ 8.7 months; group 2, 30.6 Ϯ 8.6 months; and group 3, 24.8 Ϯ 10.6 months. During the follow-up period, there were 9, 2, and 14 deaths in groups 1, 2, and 3, respectively (p Ͻ 0.0001 overall; group 1 vs group 2, p ϭ 0.024). Rehospitalization for surviving Table 1 for other abbreviations.
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Discussion
CABG is a routine operation performed in many centers around the world. Recent advances in anesthesia, myocardial protection, and surgical techniques have led to fast-track CABG, in which patients have been extubated within a few hours and discharged within 3 to 5 days of surgery. 6 -9 At the same time, because of the increasing age and comorbidity of the CABG population, a subset of these patients will require PI in the postoperative period. 10 -12 In this study, we attempted to answer three questions pertaining to this subset of patients: PI after cardiac surgery occurs in 5 to 22% of patients. 2 This is in agreement with the 5.9% found in this study. The preoperative risk factors associated with prolonged ventilation after CABG have been addressed in a number of studies. These studies have shown left ventricular dysfunction, COPD, reoperation, unstable angina, age, peripheral vascular dis- ease, impaired renal function, and associated valvular disease as risk factors for this event. [2] [3] [4] [5] 13, 14 The present study confirms the majority of these findings, showing COPD, impaired renal function, and unstable angina to be risk factors for PI. Because the study is a case study controlled for age, sex, and left ventricular function, these factors could not be evaluated in this study. Inasmuch as all patients in this study underwent primary CABG, the effect of previous CABG could not be evaluated.
Operative variables as risk factors for PI have not been well studied. Recommendations have been made that needs for repeated bypass, prolonged bypass, incomplete revascularization, and poor left ventricular function at the conclusion of bypass should lead to longer periods of intubation in the postoperative period. 9,11 A need for reexploration for bleeding was also associated with PI. Our data show that prolonged CPB and cross-clamp times and large positive FB after 24 h were all predictors of postoperative PI. Furthermore, our regression analysis demonstrated that, of all the perioperative factors, FB after 24 h was most significant. It further demonstrated that preoperative and operative factors are independent of each other and, when used together, can more clearly define the group at risk for PI. Inasmuch as no patient in this study was reexplored for bleeding, we have no data on this risk factor.
What Are the Clinical Effects of PI or Reintubation on the Patients' Postoperative Course?
Previous studies have shown that PI after bypass is associated with increased mortality, the development of multiorgan failure, and sepsis. 2 Our previous study showed that reintubation is a predictor of midterm mortality. 4 The present study confirms that PI or reintubation after cardiac surgery is a marker for a morbid postoperative course. Patients with these events had longer ICU and hospital stays. More than half of these patients had some infectious complication, with a quarter of the patients experiencing mediastinitis. Combined acute and midterm mortality increased 13-fold in this group, compared with the study group. It must be acknowledged that the two groups compared were not similar with regard to preoperative factors (Table 1) . However, it is also clear that such severe morbidity and mortality would not be predicted for patients with preoperative data such as found in our study group. Inserting the preoperative variables of the study group into the database of the Society of Thoracic Surgeons 15 predicted a mortality rate of 6.2 Ϯ 3.7%, significantly less than the 13.6% acute operative mortality observed in those patients requiring PI. The majority of these deaths were caused by sepsis and multiorgan failure, as reported previously. 2 Thus, PI or reintubation in the postoperative period is in itself a marker in postoperative morbidity.
How Does Early Extubation Followed by Reintubation Affect the Patients' Clinical Course?
To date, there has been no study that compared the impact of reintubation with PI in patients after cardiac surgery. To that end, we classified our study patients into those who underwent early extubation, but who required reintubation; those who had PI, but did not require reintubation; and those who required both PI or reintubation. Group 3 patients were a different clinical entity than those in groups 1 and 2. These patients were immediately identified as gravely ill and requiring PI. Their need for reintubation, for the most part, was after a prolonged weaning procedure failed. Their results were similar to other groups of patients requiring chronic prolonged ventilation. 13, 14, 16 Furthermore, their poor midterm survival and poor quality of life of the survivors is consistent with such chronic patients. 3 In contrast, groups 1 and 2 were almost identical both in terms of postoperative and operative variables. The main difference between them was their postoperative management. Group 1 had an early extubation, whereas group 2 patients remained intubated for 2 to 6 days (3.2 Ϯ 0.99 days), except for one patient who was intubated for 24 days. The impact of this clinical decision was highly significant. The patients who required reintubation (group 1) had longer ICU and hospitalization periods. They suffered more episodes of pneumonia, sepsis, and mediastinitis. Furthermore, the mortality in group 2 was fivefold. Thus, the effect of extubation in this subset of patients had an appreciable clinical effect.
Because all patients in this study met the standard criteria for extubation, 17, 18 other information must be used to decide which subset of patients should remain intubated, despite meeting the standard respiratory requirements for extubation. From the results of this study, this tactic should be considered in elderly patients with significant preoperative comorbidity, particularly COPD, renal failure, or unstable angina. If such a patient has an operation characterized by prolonged cross-clamp and CPB times or a large positive FB after 24 h, the possibility of elective PI should be considered beyond 48 h.
Our study suffers from a number of limitations. First, despite matching the patients for age (within 7 years), the patients in the study group were older, and this almost reached significance. Furthermore, there was significantly more preoperative comorbidity associated with the study group than with the control group. As such, it was difficult to determine how much postoperative morbidity was associated with PI and reintubation, and how much was caused by preoperative morbidity. Third, it is known that poor ventricular function is a significant determinant of PI. 1, 7, 9 Inasmuch as patients in this study were matched for EF, it was impossible to evaluate the effect of EF on the PI or reintubation. Fourth, this study shows which patients should be considered for elective PI. However, because of the retrospective nature of the study, no conclusion can be drawn from the data concerning the appropriate time for extubation in these patients. Finally, the retrospective nature of the study is a hindrance in itself.
With these limitations in mind, the following conclusions can be drawn:
1. COPD, renal failure, unstable angina, and an operation performed with prolonged CPB and cross-clamping and a high residual FB after 24 h are associated with postoperative PI and reintubation. 2. In the postoperative CABG patient, PI and reintubation are associated with increased mortality and major septic morbidity, including pneumonia and mediastinitis that result in prolonged ICU and hospital stays. 3. In such patients, the possibility of elective longer intubation should be considered.
